THIS PAGE IS INSERTED BY OIPE SCANNING 
AND IS NOT PART OF THE OFFICIAL RECORD 

Best Available Images 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 

BLURRY OR ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 

COLORED PHOTOS HAVE BEEN RENDERED INTO BLACK AND WHITE 
VERY DARK BLACK AND WHITE PHOTOS 
UNDECIPHERABLE GRAY SCALE DOCUMENTS 

IMAGES ARE THE BEST AVAILABLE 
COPY. AS RESCANNING WILL NOT 
CORRECT IMAGES, PLEASE DO NOT 
REPORT THE IMAGES TO THE 
PROBLEM IMAGE BOX. 



PATENT 

Atty. Dkt. No. MRKS/0091 



0 S2D03 



o 

a 

>4 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



re Application of: 

Simpson, et al 

Serial No.: 10/614,427 



Filed: 



July 7, 2003 



Confirmation No.: Unknown 



For: 



Formed Tubulars 



§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 



Group Art Unit: Unknown 



Examiner: 



Unknown 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 



CERTIFICATE OF MAILING 
37 CFR 1 .8 

I herebv certify that this correspondence is being deposited on 
1?Q &/U . 2003 with the United States Postal Service 
as First Class Mail in an envelope addressed to: 
Commissioner for Patents, P.O. Box 1450 Alexandria, VA 
22313-1450. 



Date 



Signature 



CLAIM TO PRIORITY 

Applicant(s) reaffirm the claim for the benefit of filing date of the following foreign 
patent application referred to in Applicant's Declaration: 

Great Britain Application Serial Number 0215659.4 filed July 6, 2002. 
A copy of the application certified by the British Patent Office is enclosed. 

Respectfully submitted, 



William B. Patterson 
Registration No. 34,102 
Moser, Patterson & Sheridan, L.L.P. 
3040 Post Oak Blvd. Suite 1500 
Houston, TX 77056 
Telephone: (713)623-4844 
Facsimile: (713)623-4846 
Agent for Applicant(s) 



Page 1 




J' 




% Office I 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



Signed 




Dated 9 December 2002 



An Executive Agency of the Department of Trade and Industry 



0 



l^ents Form 1/77 

Patent " 1977 
(Rule „ ^. 



- The. % 



.•• -> ..... 
, . . ... .* 



Ritent 
I Office 



4 



Request for grant of a patent 

(See die notes on the back of this form. You can also get an 
explanatory leaflet from the Patent Office to help you Bll in 
this form) 



1 . Your reference 



2. Patent application number 

(The Patent Office will fill in this part) 




The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



AS\AM\P12050GB 



0215659.4 



«t;; ; Jilt! c ; ;u?._.r f: 1,'.".^.' ;j 
■ • - • * » »' ~- • • • ■ - 



r. 



3. Full name, address and postcode of the or of 

each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



WEATHERFORD/LAMB, INC. 
515 POST OAK BOULEVARD 
SUITE 600 
HOUSTON 
TX 77027 

UNITED STATES OF AMERICA 



DELAWARE CORPORATION 



4. Title of the invention 



FORMED TUBULARS 



CRUIKSHANK & FAIR WEATHER 

1 9 ROYAL EXCHANGE SQUARE 

GLASGOW 

Gl 3AE 

SCOTLAND 

UNITED KINGDOM 



Patents ADP number (if you know it) 



6. If you are declaring priority from One Or more Country Priority application number Date of filing 

earlier patent applications, give the country (if you know it) (day / month / year) 

and the date of filing of the or of each of these 
earlier applications and Of you know it) the or 
each application number 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 

8. Is a statement of inventorship and of right 
to grant of a patent required in support of YES 

this request? (Answer f Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, Or 

c) any named applicant is a corporate body. 
See note (d)) 



5- Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 




Number of earlier application Date of filing 

(day / month /year) 



Patents Form 1/77 



Patents Form 1/77 

9. Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 



Continuation sheets of this form 

22 

Description 

Claimed 12 
Abstract '-'V\ 



Drawings 




10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 



Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 



Request for substantive examination 

(Patents Form 10/77) 

Any other documents 

(please specify) 



11. 



I/We request the grant of a patent on the basis of this application. 
WJt I r\<? Date 




Signature ufy 
CRUTKSHANK & FAIRWEATHER 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



ANDREW SHANKS 
0141 221 5767 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office ivill consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 



Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



DL 

i 

FORMED TUBULARS 

FIELD OF THE INVENTION 

This invention relates to tubulars, and in particular 
to downhole tubulars, which may take the form of bore- 
lining casing or liner, production tubing, work strings or 
the like. In particular, the present invention relates to 
formed tubulars which have a corrugated wall over at least 
a portion of their length, and also to methods of forming 
corrugations in tubulars, methods of utilising such 
tubulars, and tools and devices adapted for use in 
conjunction with such tubulars. 

BACKGROUND OF THE INVENTION 

Where deep bores are drilled to gain access to 
subsurface formations, for example as in the oil and gas 
exploration and production industry, it is conventional to 
line the drilled bores with metallic tubulars. Typically, 
the tubulars take the form of . thick-walled cylindrical 
tubulars sections which are coupled together and run into 
the drilled holes as strings. Methods of producing, 
handling and running in of such tubulars are well 
established, however problems remain, particularly in 
running tubulars strings into bores, and these problems 



become more acute as attempts are made to access 
hydrocarbon deposits in more challenging locations, and the 
drilled bores become longer and more highly deviated. 

It is among the objectives of at least one embodiment 
of an aspect of the present invention to provide downhole 
tubulars which obviate or mitigate some of the problems of 
existing tubular forms. 



SUMMARY OF THE INVENTION 

According to the present invention there is provided 
a method of lining a drilled bore, the method comprising: 

running a tubular into a drilled bore; and 

corrugating the tubular in the bore, to increase the 
collapse resistance of the tubular. 

Testing has shown that corrugating a conventional 
cylindrical-walled tubular tends to increase the collapse 
resistance of the tubular, typically by a factor of two. 
Thus, the present invention allows an operator to line a 
bore with tubulars which, before corrugation, have perhaps 
only half of the collapse resistance of conventional 
tubulars which would otherwise be utilised. This allows 
use of lighter tubulars, with corresponding savings in 
material and transport costs, and facilitates handling of 
the tubulars. In addition, or alternatively, the operator 
may choose to use lighter tubulars of higher quality 
material, for example with a higher chromium content. 



The invention may also be usefully employed when, for 
example, a drilling operation encounters a formation such 
as clay, shale or salt which has a tendency to swell or 
flow causing the bore to close in prematurely, or even to 
crush casing which may already have been set across the 
section. Where surveys have identified that such 

formations are likely to be encountered, heavy wall casing 
capable of withstanding the collapse pressures will be on 
hand and available to run across the problem area. 
However, in many cases these problem formations are not 
anticipated beforehand and when encountered an intermediate 
casing has to be run into the bore and which casing must 
then be subsequently reinforced by a further casing, 
reducing the available bore diameter of the well. However, 
by virtue of the present invention, if a problem formation 
is encountered, a standard casing may be run across the 
problem area and then corrugated, the corrugated casing 
possessing the collapse resistance necessary to prevent the 
bore from closing. Furthermore, as will be described 
below, the casing may also be diametrically expanded, such 
that the intermediate casing will not restrict the bore 
diameter . 

Preferably, the tubular is a thin-walled tubular. In 
the context of bore-lining tubulars, conventional tubulars 
typically have a wall thickness in excess of 6 mm, however, 
as noted above, the present invention facilitates use of 



thinner walled tubulars, without loss of collapse 
resistance. Most preferably, the tubular has a wall 
thickness of less than 6 mm, and typically around 3 to 4 
mm. Alternatively, the tubular may be a conventional 
tubular, having a wall thickness in excess of 6 mm. 

Preferably, the corrugation of the tubular also 
diametrically expands the tubular. Depending on the degree 
of expansion, this may permit the tubular to be run in 
through existing bore-lining tubing having an internal 
first diameter and the tubular then expanded to an internal 
diameter at least as large as the first diameter. 
Alternatively, the tubular may be diametrically expanded in 
a separate step from the corrugation step, either before or 
after corrugation. The diametric expansion following 
corrugation may create a cylindrical wall form. In one 
embodiment of the invention, a thin wall tubular having an 
external diameter of 7 5/8" is run in through existing 9 
5/8" casing (having an internal diameter of 8 1/2") . The 
tubular is then corrugated and expanded, such that the • 
minimum internal diameter, at the peaks of the 
corrugations, is 8 1/2". The corrugated tubular may thus 
serve to support the bore wall, but allows the subsequent 
7 5/8" casing to be run in and cemented below the 9 5/8" 
casing . 

The tubular may be corrugated from the top down, or 
from the bottom up. The tubular may be expanded from the 



top down, or from the bottom up. 

The method may comprise the further step of cementing 
the tubular in the bore, to seal and secure the tubular 
relative to the bore wall. In other embodiments, the 
tubular may carry a deformable material on an external 
surface of the tubular, or may be provided in combination 
with a sleeve of deformable material. 

Some or all of the tubular may be corrugated; it may 
be desired to retain a section of cylindrical-walled 
tubular, for coupling to or for receiving conventional 
connectors, tools or devices. 

The corrugations may extend solely circumf erent ially , 
but are preferably helical. 

At least one further tubular may be located internally 
of the corrugated tubular, which further tubular may have 
a cylindrical wall, and which tubular may subsequently be 
diametrically expanded . 

Tools or devices may be located within the corrugated 
tubular, and other aspects of the invention relate to tools 
and devices adapted to engage the corrugated tubular. For 
example, rather than providing conventional slips or a 
portion adapted to engage a particular nipple profile, a 
device may include radially extendable portions profiled to 
correspond to the corrugated wall. Thus, a device may be 
securely located at any desired location within a tubular. 
In a similar fashion, a packer may be provided with packer 



elements shaped to engage and conform to the corrugated 
tubular wall form. These packer elements will not form 
notches in the casing wall, as occurs with slips, and which 
notches act as a starting point for corrosion. The tool 
may take the form of a well control dart, which is dropped 
into the bore and travels down through the bore until flow 
of fluid up through the bore reaches a level where the dart 
is moved upwardly. When this occurs, the dart is arranged 
to engage the surrounding wall of the corrugated tubular, 
and close the bore. Such tools and devices are of course 
less likely to be displaced by axial forces, and corrugated 
or wave-form sealing members are less likely to be extruded 
out than conventional elastomer sleeves or seals. Other 
aspects of the invention relate to tractors and the like 
which are adapted to utilise the corrugations to facilitate 
travel through the tubular. 

Preferably, the corrugations are formed by a rotary 
expander, that is an expander featuring at least one 
bearing member which applies a radial force to an inner 
wall of the tubular and which is rotated within the 
tubular, typically while being advanced axially through the 
tubular. The axially advancement may be achieved by any 
appropriate means, such as application of an external force 
achieved by, for example, application of weight from 
surface or use of a tractor. Alternatively, the rotary 
expander may feature skewed rollers, such that rotation of 



the expander in the tubular creates an axial force on the 
expander. Preferably, the expander features a plurality of 
bearing members, typically three, and most preferably the 
bearing members include rolling elements, which may be in 
the form of balls or rollers, to provide a rolling contact 
with the tubular wall. The rotary expander may describe a 
single, fixed diameter, but is preferably configurable in 
a smaller diameter configuration and a larger diameter 
expansion configuration. The bearing member may be movable 
between the configurations by any appropriate means, for 
example by application of mechanical force and co-operation 
of cam faces, but is most preferably fluid actuated. The 
expander may take the form of one of the expanders 
described in applicant's WO 00/37766. The rotary expander 
may be configured • to create a single circumferential or 
helical corrugation, or may be configured to create a 
plurality of corrugations, for example a triple helical 
corrugation . 

Other aspects of the invention relate to corrugated 
tubulars which are run into a bore in the- corrugated form. 
The tubulars may be corrugated on surface utilising a 
rotary expansion tool as described above, which tool may be 
rotated relative to a cylindrical tubular to achieve the 
desired degree of corrugation. Alternatively, a tool may be 
provided for engaging the outer wall of a cylindrical 
tubular, to achieve the desired degree of corrugation. For 
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heavier tubing, or to obtain tighter corrugations, it may 
be preferable or necessary to provide a tool which engages 
both the inner and outer walls of the tubular. In other 
embodiments of the invention the corrugations may be 
provided by other methods. As noted above, the presence of 
corrugations tends to provide a collapse resistance which 
is high relative to the tubular wall thickness. Thus, the 
invention has particular application to thin-walled 
tubulars, which are relatively easily corrugated, and once 
corrugated provide a level of collapse resistance 
corresponding to significantly thicker parallel-walled 
tubulars . 

The tubulars may be annealed or otherwise treated 
following corrugation, to reduce or minimise any work- 
hardening effects and to reduce internal stresses which 
might lead to an increased susceptibility to corrosion. 
Such tubulars may also be subseguently expanded or 
otherwise deformed more readily. 

Aspects of the invention relate to particular uses and 
applications of such tubulars, some of which are described 
below. 

The presence of a preferably helical corrugation in 
the tubular outer wall provides a protective recess in 
which elongate members or elements such as conduits, signal 
carriers, power carriers, heating elements and the like may 
be located, and aspects of the invention relates to 



corrugated tubulars provided in combination with such 
members and elements. 

Alternatively, or in addition, the presence of 
corrugations provides protective recesses in which to 
locate a sealing or filling material, or which may be 
utilised to carry a material into a bore. For example, 
external corrugations may be at least partially filled with 
a flowable or settable material, the peaks of the 
corrugations protecting the material as the tubular is run 
into the bore. Once in the bore, the corrugated tubular 
may be diametrically expanded, such that at least some of 
the material is pushed out of the troughs of the 
corrugations to fill and seal the annulus between the 
tubular and the bore wall. A degree of corrugation may be 
retained, or the expansion may be such that the expanded 
tubing is parallel-walled. This obviates the requirement 
to cement the tubular in the bore, and it is not necessary 
to size the bore (or reduce the tubular diameter) to 
provide an annulus which is sufficiently large to 
accommodate cement circulation. 

The different aspects of the invention also have 
utility in subsea or surface applications, for example as 
risers or forming parts of risers, flowlines or pipelines. 
The corrugations provide flexibility which is useful when 
the tubular is likely to experience movement, bending or 
axial extension or contraction. In such embodiments, a 
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corrugated metallic tubular may be embedded within a 
flexible polymeric or elastomeric material, or may have an 
internal or external coating. 

Aspects of the invention relate to running corrugated 
tubulars into a bore, which provides numerous advantages, 
as described below. 

The corrugated tubulars will be less prone to 
differential sticking than conventional cylindrical-walled 
tubulars, and accordingly may be selected for bores where 
it is anticipated that differential sticking may be a 
problem. Differential sticking may occur where a bore 
intersects a relatively low pressure formation, such that 
a tubular in contact with the bore wall may be pushed into 
contact with the wall by the pressure of the fluid in the 
bore. With the corrugated tubulars, only the peaks of the 
corrugations will contact the wall, such that potential for 
differential sticking is significantly reduced. The 
presence of the corrugations may also assist when the 
tubular is cemented in the bore. These advantages may e 
achieved using helical corrugations having a relatively 
large pitch, for example 4 to 10 feet. 

The applicant has also recognised that many of the 
advantages gained by use of corrugated tubulars will be 
available from running conventional parallel walled 
tubulars in corrugated bores, and other aspects of the 
invention relate to the provision of such corrugated bores. 
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The corrugated tubular has greater flexibility than a 
conventional cylindrical-walled tubular providing 
corresponding collapse resistance. Furthermore, the 

corrugated tubular will be significantly lighter. Thus, 
5 handling of the tubular is facilitated, as is the ability 

of the tubular to accommodate bends, dog legs or steps in 
the bore, which may occur during drilling of the bore or 
following drilling of the bore; corrugated tubulars may be 
selected for use in bores where such conditions are likely 

10 to be encountered. Embodiments of the invention therefore 

include corrugated casing and liner. Helical corrugations 
may also be used to advantage when running corrugated 
tubulars: if a difficulty is encountered on running a 
tubular into a bore, if the tubular is rotated the 

15 corrugations in contact with the bore wall will act in a 

similar manner to a screw-thread, and will tend to create 
an axial force between the tubular and the bore wall, which 
may serve to advance or retract the tubular, and may 
facilitate overcoming a restriction or tight spot in the 

20 bore. Furthermore, the corrugations may be employed in a 

similar fashion to dislodge or disturb drill cuttings and 
the like which have gathered on the low side of an inclined 
bore, and which may create difficulties when attempting to 
run a tubular into a bore. The presence of corrugations in 

25 large diameter tubular strings which are rotated on a bore 

also reduces the likelihood of connector failure as the 



additional flexibility provided by the corrugations serves 
to reduce the cyclic bending loads experienced by the 
relatively stiff connectors between the individual 
tubulars . 

Aspects of the invention also relate to drilling using 
corrugated tubulars as a drill bit support, and in 
particular drilling with corrugated casing. As identified 
above, such casing will be less likely to experience 
differential sticking. The casing may subsequently be 
diametrically expanded, either retaining a degree of 
corrugation or being expanded to a parallel-walled form. 

Rotation of a corrugated tubular is also useful during 
a cementing or bore-cleaning operation, as the corrugations 
will tend to disturb any drill cuttings lying in the bore, 
and will enhance even cement distribution around a tubular. 
Some of these effects will of course also be available from 
solely axial movement of the tubular in the bore. 

The enhanced flexibility provided by the corrugated 
wall may also be utilised to advantage in providing 
tubulars for passing through lateral junctions into lateral 
wells. Due to the enhanced flexibility of the corrugated 
tubing, it is possible to pass relatively large diameter 
tubulars through the junctions, which may involve 
deviations of the order of 20 to 40 degrees per 100 feet. 

The flexibility of the corrugated tubing may also be 
utilised to advantage to allow provision of reelable 



tubing, which may be of relatively large diameter, and 
which may provide relatively high levels of collapse 
resistance for a given wall thickness. 

The presence of corrugations may also be utilised for 
coupling adjacent corrugated tubular sections. By 
providing corresponding helical corrugations it is possible 
to thread adjacent tubular sections together by relative 
rotation, or it may simply be enough to push the sections 
together, or to corrugate an inner tubular in a 
corresponding manner to a surrounding outer tubular. The 
thread provided by the corrugations may be parallel or 
tapered, and in other embodiments the corrugations may be 
circumferential. To facilitate provision of a seal at such 
a coupling, deformable material may be provided on one or 
both of the tubular sections. This aspect of the invention 
may be utilised in a wide variety of applications, but is 
particularly useful in achieving a coupling at a lateral 
junction, where difficulties are often experienced when 
using conventional coupling-forming methods. For use in 
coupling sections of casing and liner, this feature 
obviates the need to provide separate connectors, and thus 
also avoids the upsets that are created by such connectors. 
The couplings formed will also be better able to withstand 
torques applied to the tubulars . 

If desired, only a portion of a tubular may be 
corrugated. The corrugated portion may be provided, as 
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mentioned above, to facilitate coupling. For example, an 
upper portion of a liner may be corrugated to facilitate 
coupling with a liner hanger, or to engage a corrugated 
lower portion of existing casing, thus obviating the 
5 requirement to provide a separate liner hanger. 

Alternatively, a selected portion of the tubular may be 
corrugated, such that the tubular will preferentially flex 
at the corrugated location, or if it is desired that a 
portion of the tubular have greater flexibility. This may 

10 be useful when the tubular is utilised in, for example, an 

earthquake zone, and earth movements are likely, or if it 
is desired to provide a tubular with a relatively flexible 
end portion to facilitate entry to a lateral bore. 

The corrugated tubing of embodiments of the invention 

15 may also be usefully employed in the creation of liner 

hangers and the like where it is desired to provide hanging 
support for a tubular while providing a fluid flow path to 
allow displacement of fluid from an annulus to facilitate 
cementing of the tubular. The flow path may subsequently 

20 be closed by energising or activating seals above or below 

the corrugated portion, by subsequently expanding and 
flattening the corrugated portion, or simply by passing 
cement slurry into the corrugations, which cement then sets 
or cures within the corrugations. 

25 A temporary or permanent liner hanger may also be 

created by forcing a corrugated section of tubular into a 



bore section having an internal diameter less than the 
diameter described by the peaks of the tubular, such that 
the corrugated section experiences a degree of elastic 
deformation, and the resulting restoring force produced by 
the deformation provides for sufficient frictional contact 
between the tubular and the bore wall to retain the tubular 
in the bore. Alternatively, or in addition, a corrugated 
section of tubular may be placed in tension, such that the 
diameter described by the tubular decreases. The tubular 
is then located in a bore section, and the tension then 
reduced, such that the tubular experiences an increase in 
diameter and engages the wall of the bore section. 

The provision of circumferential or helical 
corrugations will tend to decrease the axial stiffness of 
a tubular and thus enhances the ability of the tubular to 
accommodate axial compression or expansion. Thus, 
completion tubing featuring a corrugated section may 
accommodate the axial forces that result from the 
temperature variations experienced by the tubing, for 
example between the tubing being run into the bore and 
sealed and located in the bore, and the tubing subsequently 
carrying relatively high temperature production fluid. 
Such temperature variations, and the resulting length 
changes in the tubing, are conventionally accommodated by 
means of seal bands engaging a polished bore receptacle 
(PBR) , which permits a degree of movement of the lower end 



of the tubing, without loss of seal integrity. However, 
the seals and the PBR are vulnerable to damage. 
Embodiments of the present invention allow completion or 
production tubing to be locked into a seal. Corrugated 
tubing sections may be provided at any appropriate location 
in the tubing, and indeed a similar advantage may be 
achieved by providing a bore-mounted seal which 
incorporates a corrugated bellows section between the seal 
and the mounting to the bore wall. 

As noted above, corrugated tubulars in accordance with 
aspects of the invention' may be subject to diametric 
expansion. On experiencing such expansion, corrugated 
tubulars tend to axially expand. This contrasts with swage 
expansion of parallel walled cylindrical tubulars, which 
tends to result in axial contraction of the tubular. This 
contraction may present significant problems, particularly 
in bottom-up swage expansion; a string of tubulars may 
contract by approximately 5%, and if the string is 
differentially stuck in the bore above the expansion 
location, the tubing will tend to stretch and the tubulars 
may part, particularly at weak points such as tubular 
connections. If desired, these effects may be combined, by 
providing a corrugated section or section in a tubular to 
be swage expanded, such that, following expansion, there is 
no net change in the overall length of the tubular. 
Furthermore, even if a degree of axial expansion or 
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contraction is present, the presence of the corrugations 
will readily accommodate a degree of contraction, and the 
presence of the corrugations makes the occurrence of 
differential sticking far less likely. Alternatively, it 
is possible to select a degree of corrugation that when 
expanded and flattened neither axially expands nor 
contracts . 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the present will now be 
10 described, by way of example, with reference to the 

accompanying drawings, in which: 

Figure 1 illustrates a tubular being corrugated in 
accordance with an embodiment of a first aspect of the 

present invention ; 
15 Figures 2 and 3 illustrate steps in the corrugation of 

a downhole tubular in accordance with an embodiment of 
another aspect of the present invention. 

Figures 4 and 5, and Figures 6 and 7 illustrate steps 
in the expansion of corrugated tubulars in accordance with 
embodiments of further aspects of the present invention; 
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and 

Figure 8 is a schematic illustration of a lateral 
junction featuring tubing in accordance with an embodiment 
of a yet further aspect of the present invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is first made to Figure 1 of the drawings, 
which illustrates a tubular 10 being corrugated in 
accordance with an embodiment of a first aspect of the 
present invention. Located within the tubular is a 
corrugation tool 20, mounted on a pipe 21, the tool 20 
being of a similar form to the expansion tools as described 
and illustrated in applicant's WO 00/37766. The tool 20 
comprises a hollow body 22 having three radially extending 
apertures 24 (only two shown) which each accommodate a 
piston 26, with a roller 28 being mounted on each piston. 
The rollers 28 are each arranged to rotate around a 
respective axis which is slightly skewed relative to the 
tool body axis. Each roller features a raised rib 30, the 
relative axial locations of the ribs 30 being such that 
rotation of the fluid-pressure energised tool 20 causes the 
roller ribs 30 to create a single helical corrugation 32 in 
the wall of the tubular 10, and also pulls the tool 20 
through the tubular 10. Corrugation of the tubular 10 
increases the collapse resistance of the tubular 10. 

Reference is now made to Figures 2 and 3 of the 
drawings, which illustrates a downhole tubular 40 being 
corrugated and expanded in accordance with an embodiment of 
another aspect of the present invention. As illustrated in 
Figure 2, the tubular 40 is first run into the lower open 
section of a drilled bore 42, through existing casing 44. 



An appropriate corrugation tool, such as illustrated 
in Figure 1, is then run into the tubular 40, mounted on 
the lower end of a pipe string 21. The tool 20 is rotated 
and advanced through the tubular 40 to create a single 
helical corrugation 52 in the wall of the tubing 40, as 
shown in Figure 3. Furthermore, the tool 20 diametrically 
expands the tubular 4 0 to a minimum internal diameter 
corresponding to the internal diameter of the casing 44. 

The expanded and corrugated tubular 40 may serve as an 
intermediate casing, allowing further, conventional casing 
54 (shown in chain-dotted outline) to be subsequently run 
in and located in the bore without any additional loss of 
diameter. 

Reference is now made to Figures 4 and 5 of the 
drawings, which illustrate a corrugated tubular 60 being 
run into a bore 62 and expanded to a parallel-walled form 
(Figure 5) within the bore 62 . 

The tubular 60 may form part of a casing string to be 
run into and set in the bore 62. The tubular 60 is 
initially corrugated, and this offers a number of 
advantages when running in. Only the peaks of the 
corrugations contact the bore wall, such that differential 
sticking is unlikely to occur. Furthermore, if the tubular 
60 is rotated in the bore 62, the helical corrugations will 
tend to act in a similar manner to a screw thread, and pull 
the tubular through the bore; this may be useful in 
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negotiating tight spots, ledges and the like. In certain 
situations it may also be advantageous to rotate the 
tubular 60 in the opposite direction, to allow the tubular 
to be retracted. The corrugations will also assist in 
dislodging and agitating cuttings which may have settled on 
the low side of the bore. The flexibility provided by the 
corrugations will also facilitate bending of the string, to 
facilitate negotiation of bends or curves in the bore 62. 
The presence of the corrugations also reduces the cyclic 
stresses experienced by the relatively stiff casing 
connectors if the string is being rotated. 

On reaching the desired location, the tubular is 
diametrically expanded, using a rotary expander as 
described with reference to Figure 1, which expansion also 
creates an expanded tubular 60 with substantially parallel 
walls . 

Figures 6 and 7 illustrate a corrugated tubular 64 
being run into a bore 66 (Figure 6), which tubular 64 is 
then expanded to a larger diameter, while retaining a 
corrugated wall (Figure 7) . 

Reference is now made to Figure 8 of the drawings, 
which is a schematic illustration of a lateral junction 70 
featuring tubing in accordance with an embodiment of a 
second aspect of the present invention. 

The junction 70 is between a primary bore 72 and a 
lateral bore 74, and the junction 70 features a pre- 



corrugated casing 76, the corrugations facilitating 
accommodation of the deviation between the bores 72, 74. 
Furthermore, to place the casing 76 in the bore 74, the 
casing 76 may have been rotated such that the helical 
corrugations act as screw threads, to assist in negotiating 
tight spots in the bores 72, 74, and in particular the 
window into the lateral bore 74. 

Following the casing 76 being secured at the junction 
70, and the lateral bore 74 being drilled beyond the bore 
lined by the casing 76, a parallel-walled liner 78 is run 
into the bore 74, at least the upper end of the liner 78 
overlapping the lower end of the casing 76. At least the 
overlapping portion of the liner 78 is then expanded (not 
shown) and corrugated to correspond to the surrounding 
corrugated casing 76. The liner 78 will thus be locked and 
sealed relative to the casing 76. 

In other embodiments, the liner may have been 
corrugated on surface, and once in overlapping relationship 
with the casing the liner may be expanded while retaining 
the corrugations. 

Those of skill in the art will recognise that these 
embodiments are merely exemplary of the present invention, 
and that various modifications and improvements may be made 
thereto, without departing from the scope of the invention. 
For example, the invention has utility in subsea 
applications, for example in pipelines, where the 
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flexibility of the corrugated pipes and the ability to 
accommodate axial extension and contraction facilitate 
maintaining pipeline integrity when the pipeline 
experiences temperature variations or movements in the 
supporting seabed . 




CLAIMS 



1. A method of lining a drilled bore, the method 



comprising : 

running a tubular into a drilled bore; and 
corrugating the tubular in the bore, to increase the 
collapse resistance of the tubular. 



2. The method of claim 1, wherein the tubular is a thin- 
walled tubular. 



3. The method of claim 2, wherein the tubular has a wall 
10 thickness of less than 6 mm. 



4. The method of claim 3, wherein the tubular has a wall 
thickness of around 3 to 4 mm. 



5. The method of claim 1, wherein the tubular has a wall 
thickness of at least 6 mm. 
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6. The method of any of the preceding claims, wherein the 
step of corrugating the tubular also diametrically expands 
the tubular. 



7 . The method of claim 6, wherein the tubular is run in 
through existing bore-lining tubing having an internal 
first diameter and the tubular is then expanded to an 
internal diameter at least as large as the first diameter. 

8. The method of any of the preceding claims, wherein the 
tubular is diametrically expanded in a separate step from 
the corrugation step. 

9. The method of claim 8, wherein the tubular is 
diametrically expanded before corrugation. 

10. The method of claim 8, wherein the tubular is 
diametrically expanded after corrugation. 

11. The method of claim 10, wherein the diametric 
expansion creates a cylindrical wall form. 

12. The method of any of the preceding claims, wherein the 
tubular is corrugated from the top down. 

13. The method of any of claims 1 to 11, wherein the 
tubular is corrugated from the bottom up. 

14. The method of any of the preceding claims, wherein the 
tubular is expanded from the top down. 



15. The method of any of claims 1- to 13, wherein the 
tubular is expanded from the bottom up. 



16. The method of any of the preceding claims, further 
comprising the step of cementing the tubular in the bore. 

17. The method of any of the preceding claims, wherein the 
tubular carries a deformable material on an external 
surface of the tubular. 

18. The method of any of the preceding claims, wherein the 
tubular is provided in combination with a sleeve of 
deformable material. 

19. The method of any of the preceding claims, 
only a portion of the tubular is corrugated, to 
section of cylindrical-walled tubular. 

20. The method of any of claims 1 to 20, wherein all of 
the tubular is corrugated. 

21. The method of any of the preceding claims, wherein the 
corrugations extend solely circumf erent ially . 

22. The method of any of claims 1 to 20, wherein the 
corrugations extend helically. 



wherein 
retain a 
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23. The method of any of the preceding claims, further 
comprising locating at least one further tubular internally 
of the corrugated tubular. 

24. The method of claim 23, wherein the at least one 
5 further tubular has a cylindrical wall. 

25. The method of claim 23 or 24, wherein the at least one 
further tubular is subsequently diametrically expanded. 

26. The method of any of the preceding claims, further 
comprising locating a tool or device within the corrugated 

10 tubular. 

27. The method of any of the preceding claims, wherein the 
corrugations are formed by a rotary expander featuring at 
least one bearing member which applies a radial force to an 
inner wall of the tubular and which expander is rotated 

15 within the tubular, and is advanced axially through the 

tubular . 

28. The method of claim 27, wherein the rotary expander is 
configured to create a single-start helical corrugation. 
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29. The method of claim 27, wherein the rotary expander is 
configured to create a multiple-start plurality of helical 



corrugations . 

30. A method of forming a downhole tubular, comprising 
corrugating a cylindrical tubular by rotating a rotary 
expansion tool relative to the tubular. 

31. The method of claim 30, wherein the tool is advanced 
axially relative to the tubing to create at least one 
helical corrugation . 

32. A thin-walled downhole tubular having a corrugated 
wall . 

33. A downhole tubular having a corrugated wall, the 
tubular having been annealed following corrugation. 

34. A downhole tubular having a wall defining helical 
corrugations and an elongate member or element located in 
the troughs of the corrugations. 

35. The tubular of claim 34, wherein a signal carrier is 
located in the troughs of the corrugations. 



36. The tubular of claim 34 or 35, wherein a conduit is 
located in the troughs of the corrugations. 
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37. The tubular of claim 34, 35 or 36, wherein a power 
carrier is located in the troughs of the corrugations. 

38. A downhole tubular having a corrugated wall and 
material located in the troughs of the corrugations. 

5 39. The tubular of claim 35, wherein the troughs contain 

a sealing or filling material. 

40. A method of sealing a tubular in a bore, the method 
comprising : 

providing a downhole tubular having a corrugated wall 
10 and a sealing material located in the troughs of the 

corrugations ; 

running the tubular into a bore; 

diametrically expanding the tubular such that the 
material is pushed out of the troughs of the corrugations 
15 • to fill and seal the annulus between the tubular and the 
bore wall. 

41. The method of claim 40, wherein the bore is defined by 
an existing tubular. 

42. A method of running tubing into a bore to minimise 
20 differential sticking, the method comprising: 

identifying whether elongate members located in a 



selected bore are likely to encounter differential 

sticking; 

providing corrugated tubing; and 
running the tubing into the bore. 

43. A method of running tubing into a bore, the method 
comprising : 

running a tubular defining a helical configuration 

into the bore; and 

rotating the tubular in the bore. 

44. The method of claim 43, comprising rotating the tubing 
to advance the tubular axially in the bore. 

45. The method of claim 44, comprising rotating the 
tubular a predetermined number of times to advance the 
tubular a predetermined axial distance in the bore, related 
to the pitch of the corrugations. 

46. The method of claim 44 or 45, comprising rotating the 
tubing to negotiate a tight spot in the bore. 

47. The method of claim 44, 45 or 46, comprising rotating 
the tubing to dislodge sediment in the bore. 



The method of claim 44, 45, 46 or 47, comprising 
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rotating the tubing during a cementing operation. 

49. The method of any of claims 44 to 48, comprising 
rotating the tubing during a bore-cleaning operation. 

50. A downhole tubular for location in a lateral bore, the 
tubular having a corrugated wall. 

51. A reelable downhole tubular, the tubular having a 
corrugated wall. 

52. Downhole tubulars comprising at least corrugated end 
portions, whereby the tubulars are adapted to be coupled to 
one another by locating the corrugated end portion of one 
tubular within the corrugated end portion of another 
tubular . 

53. The tubulars of claim 52, wherein the corrugations are 
helical and define a thread. 

54. The tubulars of claim 52, wherein the corrugations are 
circumferential . 

55. The tubulars of claim 52, 53 or 54, wherein the 
corrugated end portions are parallel. 



56. The tubulars of claim 52, 53 or 54, wherein the 
corrugated end portions are tapered. 



57. The tubulars of any 
deformable sealing material 
end portion of at least one 



claims 52 to 54, wherein 
provided on the corrugated 
the tubulars . 



of 
is 
of 



58. A downhole tubular having a corrugated upper portion 
adapted for engaging a tubing hanger. 

59. A method of forming a tubing hanger, the method 
comprising : 

providing a first tubular to be hung from a second 
tubular previously located in a bore, at least one of the 
upper end of the first tubular and the lower end of the 
second tubular being corrugated; and 

running the first tubular into the bore such that the 
upper end of the first tubular and the lower end of the 
second tubular engage. 

60. The method of claim 59, wherein a fluid flow path is 
provided between the upper end of the first tubular and the 
lower end of the second tubular. 

61. The method of claim 60, comprising subsequently 
closing the flow path. 
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62. The method of any of claims 59 to 61, comprising 
subsequently expanding and flattening the corrugated end 
portion . 

63. A method of forming a tubing hanger, the method 
comprising : 

providing a first tubular to be hung from a second 
tubular previously located in a bore, at least one of the 
upper end of the first tubular and the lower end of the 
second tubular being corrugated and an outer diameter of 
the upper end of the first tubular being of greater 
diameter than the lower end of the second tubular; and/ 

running the first tubular into the bore such that at 
least one of the upper end of the first tubular and the 
lower end of the second tubular is elastically deformed to 
provide for positive engagement therebetween.. 

64. A method of locating a tubular within a larger 
diameter bore, the method comprising: 

providing a corrugated tubular; 

locating the tubular in a larger diameter bore; and 
20 reducing the degree of tension applied to the tubular 

such that the tubular axially contracts and diametrically 
expands . 

65. The method of claim 64, wherein the tubular is 
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initially under tension. 



66. The method of claim 64 or 65, wherein the degree of 
tension applied to the tubular is reduced by placing the 
tubular in compression. 

67. The method of claim 64, 65 or 66, wherein the degree 
of diametric expansion of the tubular is such that the 
tubular engages the surrounding bore wall. 

68. Completion tubing having at least a portion of 
corrugated wall to accommodate a degree of axial 
compression or expansion. 

69. The tubing of claim 68, in combination with a seal for 
locking a lower end of the tubing relative to surrounding 
bore-lining tubing . 

70. A method of lining a bore, the method comprising: 
diametrically expanding a corrugated tubular in a 

bore . 

71. The method of claim 70, further comprising selecting 
at least one of the degree of expansion, the expansion 
method, and the degree of corrugation of the tubular such 
that the unexpanded tubular and the expanded tubular are 



substantially the same length. 

72. A downhole tool or device comprising portions adapted 
for engaging corrugations of a corrugated downhole tubular. 

73. The downhole device of claim 72, wherein the device is 
a tractor. 

74. The downhole device of claim 72, wherein the device is 
provided in combination with a sliding sleeve. 

75. A subsea tubular comprising a wall element and at 
least a portion of the wall element being corrugated. 
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